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1-  SUMMARY  —  light  and  electron  microscopy  of  human  and  experimental 
leptospirosis  of  the  guinea  pig  was  dene.  The  human  study  was  carried 
out  in  kidney  biopsies,  but  a  liver  biopsy  study  is  now  in  progress*. 

The  experimental  work,  in  guinea  pigs,  was  done  both  in  the  kidney  aind 

liver  and  histcchemical  techniques  were  also  performed-. 

The  earliest  lesion  found  was  at  the  cell  membrane,  with 
partial  or  total  disappearence  of  the  brush  border  of  the  cells  of  the 
proximal  tubuli  as  well  as  partial  disappearence  and  distortion  of  the 
microvilli  of  the  hepatic  cells.  Intercellular  spaces  wore  found  to  be 
enlarged  both  in  the  liver  and  kidney.  Capillaries  of  the  experimental 
animal  showed  endothelial  cell  tumefaction  and,  sometimes,  disjunction 

of  the  endothelial  lining,  a  finding  also  in  accordance  with  the  basic 
pathology  of  the  disease.  Mitochondrial  pathology,  seen  in  humans,  was 
seen  in  the  experimental  animal  only  at  the  late  phase  of  the  disease. 

However,  a  definite  increase  of  so  called  "dense  bodies",  whose  origin 
was  discussed,  was  seen  in  both  cases.  Also  described,  a  mild  but  de¬ 
finite  focal  glomerular  lesion,  which  provides  anatomical  basis  for  the 
proteinuria  seen  in  the  disease. 

The  above  described  pathology  is  in  accordance  with  the 

possibility  of  a  toxin  as  the  main  mechanism  acting  in  leptospiral  path 
ogenicity.  ~  “ 

2-  FOREWORD  -  Previous  work  has  shewn  that  it  is  possible  to  safety  per 
form  kictney  and  liver  (1,3,7, 9)  biopsies  in  patients  with  leptospirosis, 
provided  that  a  maximum  of  care  be  taken  to  avoid  complications.  New 
possibilities  in  the  study  of  the  basic  lesions  of  the  disease  were  o  - 
penned,  and  techniques  like  the  hi sto chemical  ones  and  those  using  the 
electron  microscope  could  now  be  used* 

In  order  to  better  understand  the  disease  in  humans  a  re, 

evaluation  of  the  experimental  disease  was  in  order. 

In  conducting  the  research  described  in  this  report,  the 

investigators  adherod  to  the  Principles  of  Laboratory  Animal  Care  as 
established  by  the  National  Society  for  Medical  Research. 

3-  BODY  OF  REPORT  -  The  study  of  tho  human  disease  has  been  continued 
and  a  first  paper  has  been  delivered  recently  (l).  So  far  we  have  per  - 
formed  21  kidney  biopsies  in  leptospirotic  patients  without  complies  - 
tions.  The  light  microscopy  study  of  these  biopsies  showed  that  the  le¬ 
sions  were  less  marked  but  essentially  similar  to  the  ones  seen  in  aiw 
topsy. 

The  electron  microscopy  study  was  done  in  six  patients, 
all  of  them,  with  the  exception  of  a  12  year-old  boy,  being  male  adults, 
ranging  in  age  from  20  to  41  years.  The  biopsies  were  performed  at  dif¬ 
ferent  stages  of  the  illness  but  they  were  always  postponed  until  the 
grossly  hemorrhagic  phase  of  the  disease  had  been  superseded# 

Slices  0,3-0, 5  mm  thick  were  cut  with  a  rasor  blade  knife 
from  three  different  levels  of  the  fragments  and  fixed  1.5  to  2  hours  at 
5«C  in  1  per  cent  osmium  tetroxide  buffered  to  pH  7 #3  with  veronal  ace¬ 
tate  buffer  (PALADI3).  After  being  dehydrated  in  a  graded  series  of  as-* 
cending  alcohols,  tissues  wore  embedded  either  in  methacrylate  or  in 
Epon  812.  Thin  sections  wore  cut  on  a  Pcrter-Blum  microtome  equipped 
with  glass  knives.  The  sections  were  doubly  staned,  first  in  uranyl  aeg, 
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tatc  and  then  in  lend  citrate.  The  prop  nr  at  it  ns  were  examined  in  a  Sie 
n>  ns  lioiskcp  I  electron  microscope  with  a  50  cb jective  aperture  and 
epornting  at  80  kv. 

This  electron  microscopy  study  disclosed  a  definite  glo¬ 
merular  lesi.;  n  in  human  leptospirosis,  characterized  by  focal  thickening 
of  the  basal  membrane  and  fusi  n  of  the  foot  process  of  the  glomerular 
epithelial  cell.  This  is  in  agreement  with  the  proteinuria  seen  in  the 
disease,  iforth  while  mentioning  that  previous  light  microscopy  studies 

by  hOPFISCH  -and  BOND  (5)  had  also  pointed  out  to  a  glomerular  lesion  in 
human  lept  spirosis. 

However,  tubular  pathology  was  more  prominent  than  the 
gloirk  rular  lesions  -and  was  charact  rized  by  a  total  or  partial  brush 
border  loss,  a  finding  in  agreement  with  the  poor  P..S  stain  of  the  pro¬ 
ximal  tubules  border  seen  In  light  microscopy.  The  tubular  cells  showed 
frequent  dense  be  dies  in  their  cytoplasm,  about  the  size  and  shape  cf 

thw  mitochondria,  .s  a  matter  cf  fact  few  of  them  had  romanoscent  distor 
ted  cristae  which  was  in  agreement  with  a  first  interpretation,  that  is, 
that  they  wore  altered  mitochondria.  However,  in  the  discussion  it  can¬ 
not  loft  :ut  the  possibility  that  they  could  be  lysosomes  and  oven  pro¬ 
tein  drcplcts  inside  digestive  vacuole3  of  the  cell.  This  idea  is  in 
accordance  with  the  proteinuria  seen  in  the  disease. 

mitochondrial  pathology  was  seen  by  us  in  cur  light  nd 
cr.  scopy  study  (9)  and  confirmed  in  this  electron  microscopy  approach. 
There  were  tubular  cells  with  a  definite  mitochondrial  depletion.  Howo- 
v, r  no  structural  alteration  of  these  organelles  were  seen,  unless  we 
interpreted  seme  of  the  previously  described  dense  bodies  as  altered 
mitochondria. 

. .nether  finding  was  a  partial  disjunction  of  the  cellular 
limits  between  adjacent  tubular  cells,  giving  rise  to  an  enlarged  inter¬ 
cellular  space.  This  cellular  disjunction,  araeng  other  factors,  could 
contribute  to  the  tubular  failure  through  a  shunt  mechanism  between  glo¬ 
merular  filtrate  and  the  kidney  interstitium.  However,  it  is  necessary 
to  aentien  that  the  junctional  complexes  of  the  epithelial  cells  appeared 
preserved.  If  this  interpretation  is  correct  we  must  postulate  an  in¬ 
creased  functinal  permeability  of  those  complexes  which  usually  act  as 
a  ’’seal”  of  the  intercellular  space,  .mother  interpretation  is  that  the 
enlargement  of  the  intercellular  spaces  is  due  to  interstitial  edema 

fluid  which,  originating  from  altered  vessels  went  through- th&  basal  tu 
bular  membrane  find  is  now  dissociating  the  epithelial  cells.  Capillary 
path  ■'logy  was  poor  in  th.  human  disea.se. 

Liver  biopsies  are  available  to  us,  obtained  through  a 
raicrolaparotomy,  a  technique  used  by  MONT.JiS  (6)  and  which  appears  to 

be  a  safe  procedure  in  human  leptospirosis.  However,  before  further 
studying  the  human  liver  using  histochemical  and  electron  microscopy 
procedures  a  recvaluation  of  the  experimental  disease  with  similar  tech 
niques  v;a«  in  order, 

.i  experiment  was  carried  out  using  forty-three  guinea- 
pigs,  most  cf  them  weighing  an  average  of  421  g.  Five  experiments  wero 
performed .  The  strains  of  Leptospira  ieterohaemorrhagiae  used  were  ori¬ 
ginally  isolated  from  rats  and  cultivated  from  fragments  of  liver  and 
kidney  in  Fletcher's  medium  for  8  to  10  days  at  28aC,  Virulence  was 
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enhanced  through  an  initial  inoculum  of  0,5  ml  of  culture  into  tho  peri 
tonoum  f  healthy  guinea  pigs  weighing  an  average  of  250  g.  ,.t  the  ter¬ 
minal  phase  of  the  disease  those  animals  were  killed  with  a  blew  in  the 

her.'1  and  1:5  liver-kidney  homogenates  in  saline  were  prepared,  ..bcut 
1  ml  cf  the  suspension  was  -administer ,‘d  intraporitoneally  in  the  animals 
use  1  in  the  experiment,  .oiimals  were  sacrificed  in  a  initial  phase  of 
the  disease,  usually  arc und  3-4days  after  the  inoculum  and  in  a  terminal 

phase  of  the  disease,  usually  .around  the  5-7  th  day  of  illness.  Two 
healthy  guinea  pigs  were  similarly  manipulated  for  each  experiment. 

Necropsy  was  performed  jtmacdiateiij  after  d^ath  and  be¬ 
sides  a  light  micro scr  ny  study  cf  1-ixrrv-  and  kidney  fragm-.ls  a  histoche- 
mic  -.1  study  was  also  carried  out.  Fragments  of  liver  and  kidney  were  cut 
7  micra  thick  in  a  cryostat  microtome  cither  without  or  with  24  hours 
fixati  n  at  52C  in  1$  formalin,  pH  7.2,  plus  7.5^  cf  sacarose.  The  fixed 
fragments  before  cutting  were  transferee  to  a  mixture  cf  sucrose  and  gum 
acacia  for  24-48  hours  at  5QC.  Succinodehidrogonaso  activity  using  cas 
substrata  the  Nitre,  B.T  (ditetrazolium  chloride)  and  the  M.T.T.  f3-(4,5- 
diuiethylthiazolil-2)-2,5  '  iphenyl  tctrazolium  bromide]  was  studied  ac¬ 
cording  to  techniques  described  by  P&JtSiS  (8)  in  the  non  fixed  fragments. 
4lso  studied  in  the  non  fixed  fragments  but  cnly  in  two  experiments  was 

the  cytochrome  oxidase  activity  using  u  substrate  the  paraaminedipheny- 
lamin;,  according  to.  techniauc  of  B'JHSTuNL  (2).  In  the  fixed  fragments 
alkalyne  (using  as  substrates  either  Gomori’s  medium  or  sodium  -naph- 
tyl  phosohatcl,  -acid  phosphatase  (HOLT’s  technique,  4)  and  inospecific 
esterase  (using  as  substrate  the  sodium  -naphtyl  acetate)  wore  studied. 
In  10  animals  electron  microscopy  was  also  carried  out  in  a  way  similar 
to  that  used  for  humans  except  that  the  inclusion  was  only  in  EPON  812. 

The  light  micro  fccopy  study  showed  findings  which  are  in 

agreement  with  previous  descriptions.  Histochemistry  revealed, that  only 
th^  alkalyne  phosphatase  activity,  demonstrcated  only  in  the  kidney  tubu¬ 
les,  correlated  well  with  the  degree  of  the  kidney  lesion,  at  the  early 
ph  ase  of  the  disease  its  activity  was  seen  to  disappear  from  groups  of 
nephrons  and,  at  the  late  phase  large-  areas  ’f  enzyme  activity  depletion 
was  observed.  The  P..S  positive  zone  cf  the  oroximal  tubules  also disap¬ 
peared  in  nest  of  tho  proximal  tubuli  at  the  late  phase  of  the  disease. 
These  findings  correlate  well  with  th^  electron  microscopy  data  which 
shewed  brush  border  alteration  similar  to  that  seen  in  humans.  <J.sc  seen, 
the  cellular  disjunction  with  the  appoaronoe  of  enlarged  intercellular 
spaces  and  the  preservation  of  the  juncti  nal  con$>lexes. 

The  respiratory  enzymes,  acid  phosphatase  and  inospecific 
esterase  did  not  show  prominent  ''It  ration.  However,  those  findings  must 
bo  taken  carefully  because  only  a  qualitative  and  not  a  quantitative 
study  was  carried  r\xt  in  this  experiment. 

Liver  cells  also  showed  a  depletion  and/or  an  alteration 

f  the  microvilli  at  the  late  phase  of  the  disease.  Biliary  ductules 
also  revealed  altered  microvilli.  Intercellular  spaces  appeared  enlarged 
an  I,  in  few  cases,  disappearence  of  junctional  complexes  was  seen.  This 
is  particularly  evident  in  cases  where  the  light  microscopy  study  showed 
th-.  lack  cf  normal  trabeculati^n  cf  the  hepatic  cells^  a  finding  des  - 
cribed  in  human  autopsy  examinations  (5). 


Regarding  tho  hepatic  and  tubular  cells  as  a  whole,  an  in 
crease!  number  of  so-called  "donse  bodios"  was  scon  v/ith  a  morphological 
aspect  similar  to  the  ones  described  in  humans.  Besides  the  previous 
interpretations  regarding  their  origin,  tho  ones  located  in  hepatic  cells 
ccul.'  bo  regarded  as  lipofuscin  granules. 

Glomerular  pathology  was  less  evident  than  that  of  human 
cases.  However,  in  few  animals  killed  at  late  phase  of  the  disease 
a  basal  membrane  thickening  and  focal  foot  process  fusion  of  the  epi  - 
th'-lial  cells  was  observed. 

Mitochondrial  pathology  was  seen  in  only  few  cases  and  at 
tho  l~te  phase  of  the  disease.  It  v/as  characterized  by  mitochondrial 
depletion  and  swells,  mitochondria  v;ith  altered  cristac. 

Capillaries  of  the  kidney  interstitium  showed  swollen  on 
c’.otholial  cells  and,  sometimes,  areas  of  disjunction  between  cells. 
Kupffer's  cells  appeared  enlarged  with  many  ’’dense  bodies”  in  their  cy¬ 
toplasm  which  could  be  interpreted  as  engulfed  debris. 

Leptospira  wore  seen  in  this  experimental  study,  both  in 

the  liver  and  kidney,  made  up  by  a  central  axis  with  spirae  around  it. 
They  wore  located  between  liver  cells,  in  the  tubular  and  in  the  liver 
sinusoidal  lumina. 

Both  the  human  and  the  experimental  data  show  that  the 
earliest  lesion  of  leptospirosis  is  at  the  cell  membrane.  Although  L» 
icterohaemorrhagiae  has  not  been  conclusively  demonstrated  to  possess 
a  toxin,  tho  clinical,  histological  and  cytological  evidences  suggests 
a  t  >xin  as  the  mechanism  of  loptospiral  pathogenicity.  Our  work  is  in 
accordance  with  a  circulating  toxin  which,  in  the  liver  of  the  expo  - 
rimuntal  animal  would  produce  microvilli  distortion  and  disappearcnce, 
interfering  with  tho  normal  exchanges  between  tho  cell  and  the  blood. 

Both  in  the  kidney  of  humans  and  experimental  animals  this  so  far  hy  - 
poth.tical  toxin  action  would  be  mild  in  tho  glomerulus  and  more  do  - 
finite  in  the  tubuli,  chiefly  proximal  tubules,  where  it  produces  the 
brush  border  pathology  through  an  enhanced  action  due  to  their  con  - 
contration  power.  The  enlarged  intercellular  spaces  and  the  capillary 
lesions  of  the  experimental  animal  could  also  bo  explained  by  a  similar 
toxin  action.  Only  at  the  late  phase  of  tho  disease  that  other  organel¬ 
les  would  deteriorate  in  a  such  way  that  in  the  mere  severe  cases  cel  - 
lular  necrosis  supervenes. 

The  above  findings  are  in  accordance  with  a  low  level  of 
serum  transaminase  seen  in  the  disease.  More  difficult  to  explain  is  the 
high  level  '•£  nucoprotoin3  unless  we  could  admit  that  they  wore  mainly 
located  at  tho  cell  membrane,  being  then  liberated  through  the  toxin 
action. 

No  conclusive  explanation  for  the  mechanism  of  the  icte¬ 
rus  ir.  leptospirosis  v/as  found.  The  lesions  in  the  biliary  ductules  are 
incspecific  and  found  both  in  intra-hopatic  and  cxtra-hopatic  forms  of 
cholestasis.  On  the  other  hand,  hepatic  cell  disjunction  might  provide 

a  short  cut  between  biliary  ductules  and  liver  sinusoidal  lining.  How¬ 
ever,  studios  of  the  biopsied  liver  in  human  leptospirosis,  now  in 
progress,  are  showing  marked  icterus  with  similar  lesions  regarding 
tho  biliary  ductules  microvilli  but  without  an  accentuated  disjunction 
of  the  liver  cells.  It  is  possible  that  the  icterus  had  a  genesis  si  - 


railar  to  that  seen  in  other  forms  of  cholestasis,  like  tho  one  produced 
by  chlorpromazin. 
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n  abstract^  ^  electron  microscopy  of  human  and  experimental  leptospirosis 

*  the  guinea  pig  was  done.  The  human  study  was  carried  out  in  kidney  biopsies, 
it  a  liver  biopsy  study  is  now  in  progress.  The  experimental  work,  in  guinea  pigs, 
is  done  both  in  the  kidney  and  liver  and  histochemical  techniques  were  also 
srformed.  The  earliest  lesion  found  was  at  the  cell  membrane,  with  partial  or 
ytal  disappearence  of  the  brush  border  of  the  cells  of  the  proximal  tubuli  as  well 
1  partial  disappearence  and  distortion  of  the  microvilli  of  the  hepatic  cells, 
rtt rcellular  spaces  were  found  to  be  enlarged  both  in  the  liver  and  kidney, 
plllaries  of  the  experimental  animal  showed  endothelial  cell  tumefaction  and, 
ame  times,  disjunction  of  the  endothelial  lining,  a  finding  also  in  accordance  with 
le  basic  pathology  of  the  disease.  Mitochondrial  pathology,  seen  in  humans,  was 
sen  in  the  experimental  animal  only  at  the  late  phase  of  the  disease.  However, 
definite  increase  of  so  called  "dense  bodies, "  whose  origin  was  discussed,  was 
sen  in  both  cases.  Also  described,  a  mild  but  definite  focal  glomerular  lesion, 
ich  provides  anatomical  basis  for  the  proteinuria  seen  in  the  disease.  Thte 
wve  described  pathology  is  in  accordance  with  the  possibility  of  a  toxin  a 6  the 
dn  mechanism  acting  in  leptospirol  pathogenicity. 
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